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Protein adsorption at solid surfaces plays a key role in many natural processes and has therefore promoted a
widespread interest in many research areas, Despite considerable progress in this field reviewed in the first chapter, there
are still widely differing and even contradictive opinions on how to study and explain ohserved adsorption phenomena.
Thermodynamic analysis of protein adsorption is essential for understanding the binding mechanism and the fulure design
of new separation processes. However, thermodynamic data for proteins adsorption are scarcely available. This study
sheds light over the adsorption behavior of molecules onto polymeric chromatography particles,

In the second chapter, temperature effect on the adsorption enthalpy of polyphenols is analyzed., 1n this chapter, a new
method developed in this thesis allows for the enthalpy determination using a linear gradient elution mode, instead of the
more commonly used, isocratic elution mode. Resulting in 2 more robust method and requiring less estimations a priori,
while still providing an accurate way to compare enthalpy of adsorption for different molecules. Enthalpy values
determined by this novel method are censisting with the values directly measured with isothermal {itration calorimetry
{ITC}, with some exceptions.

In the third chapter, a more complex adsorption mechanism is analyzed. The adsorption of model proteins is analyzed
onto ion exchange chrematography {IEC) resins by using ITC to search the answer for the question “why do proteins
adsorb?". As a study system, two similarly charged basic proteins with similar molecular weight, cytochrome ¢ (CytC) and
lysozyme (Lys) adsorbing onto cation-exchange chromatography resins was chosen. In a chromatographic column, the
retention volume of Lys was larger than that of CytC. When the temperature increased, the retention volume of CytC
slightly increased, whereas that of Lys slightly decreased. This indicates that 2 more complex mechanism of adsorption
may be involved, Large exothermal enthalpies of adsorption were observed when Lys adsorbed onio the cation
exchanger. The Lys adsorption was found to be enthalpically driven. On the other hand, endothermic enthalpies were
dominant for CytC adsorption, which was entropically driven. This indicates that structural rearrangements, dehydration
and release of counter-ions play a major role in CytC adsorption. This is a great example that even similar proteins can
have opposite driving forces when adsorption onto the same chromatographic surface. While trying to answer a simple
guestion, a new, more complicated question now emerges “why do similar proteins have different driving forces when
adsorbing?". Each circumstance is a quite unique and we are still very far from a general overarching hypothesis when it
comes to the molecular forces that drive protein adsorption.

in the fourth chapter, thermodynamic techniques were used to study more recently devolved chromatography resins:
surfaces with grated-layer ligands. These surfaces were developed to increase the maximum capacity and mass transfer
properties in chromatography, with the goal of improving the efficiency and productivity of protein purification. However,
a thorough thermodynamic study has yet to be published comparing different types of ligand architecture. in this study,
not only the thermodynamic parameters were obtained but these were related with chromatographic data. It was found
that the salt needed for protein adsorption on a linear gradient elution is related with the change of enthalpy upon
adsorption. Data indicates that bovine serum albumin (BSA) adsorption enthalpy in grafted-layer surfaces varies beiween
exothermic energies (AR®<0) and endothermic (AR®>0). Solely changing the grafted-layer ligand design, the main
interactions between the protein and the chromatographic surface can vastly differ from being entropic or enthalpically
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However, despite the extensive effort of the scientific community, the understanding of protein adsorption remains
incomplete. Discrepancies, contradictions and even conflicting views persist concerning such fundamental issues as the
nature of driving forces of protein adsorption. Which main reasons have been thoroughly pointed out in this study.
Because of its vital significance, protein adsorption is studied here, both experimentally and theoretically. The study as a
whole may be usefil, but not limited to, the development of new chromatographic surfaces and develop novel downstream

processing systems.
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